Undetermined thyroid cytology precludes any definitive distinction between malignant and benign lesions. Recently several classifications have been proposed to split this category into two or more cytological subcategories related to different malignancy risk rates. The current study was performed retrospectively to investigate the results obtained separating "undetermined" cytologic reports into two categories: "follicular lesion" (FL) and "atypia of undetermined significance" (AUS). Biochemical, clinical, and echographic features of each category were also retrospectively analyzed. Altogether, 316 undetermined fine-needle aspirated cytologies (FNACs) were reclassified as 74 FL and 242 AUS. Histological control leads to a diagnosis of carcinomas, adenomas, and nonneoplastic lesions, respectively, in 42.2%, 20%, and 37.8% of AUS and in 8.3%, 69.4%, and 22.2% of FL. Among biochemical, clinical, cytological, and echographic outcomes, altered thyroid autoantibodies, multiple versus single nodule, AUS versus FL, and presence of intranodular vascular flow were statistically significant to differentiate adenoma from carcinoma and from nonneoplastic lesions, whereas no significant differences were found between carcinomas and nonneoplastic lesions for these parameters. The results of this retrospective study show that undetermined FNAC category can further be subclassified in AUS and FL, the former showing higher malignancy rate. Further prospective studies are needed to confirm our results.
Introduction
Fine-needle aspiration cytology (FNAC) has become the dominant method in the evaluation of thyroid nodules, being fast, reliable, safe, minimally invasive, cost-effective, and reaching high sensitivity and specificity [1] .
FNAC has allowed a dramatic decrease in surgical treatment of patients with thyroid nodular disease [2] , enhancing the percentage of malignant operated nodules over 50% [3] .
However, even in adequate cellular specimens, the method shows certain limitations and leads to an "undetermined" result in 4-15% of all cases [4, 5] , precluding any definitive distinction between malignant and benign lesions.
To assess terminology, description, and interpretation of cytological appearances and transmit them to the clinicians in a clear and reproducible way, several classifications for thyroid cytology report have been proposed [6] [7] [8] [9] [10] .
All are based on a risk of malignancy scale for adequate specimens."Undetermined" results are mostly composed of atypia of undetermined significance (AUS) and follicular patterned lesions (FL) .
According to the recent Bethesda System for Reporting Thyroid Cytopathology (BSRTC), "atypia of undetermined significance/follicular lesion of undetermined significance" (AUS/FLUS) is a heterogeneous category that includes cases with ambiguous cytological findings that appear to be greater than what would be expected of a nonneoplastic process, yet the degree of cellular or architectural atypia is insufficient for an interpretation of "follicular neoplasm" or "suspicious for malignancy" [8] .
Therefore, undetermined cytology is a sort of "grey zone" also for the clinicians, whose main goal is a correct therapeutic approach to thyroid lesions, that is, surgery, with its extension, or medical followup. Practically, most of these lesions are surgically removed, in total or subtotal thyroidectomy, although only a minority of them are malignant.
However, true malignancy incidence in undetermined lesions is not definitely known, because not all of them are histologically checked, and the literature reports largely heterogeneous data.
In AUS, malignancy is reported in 25% of operated patients, but it is thought to be closer to 5-10% of the total [8] . Papillary carcinoma is by far the commonest tumour [3, 11, 12] .
Malignancy incidence in FL is even more variously reported than in AUS.
Cancer ratio in all FL lesions (operated and nonoperated) is about 20% in several surveys [3, [11] [12] [13] , but other authors reported much lesser incidences of 0-7% [14] [15] [16] .
In this study we have retrospectively split "undetermined" thyroid FNAC into two categories: "follicular lesion" (FL) and "atypia of undetermined significance" (AUS) in order to evaluate (i) the relative incidences of AUS and FL in thyroid FNA specimens in our district,
(ii) the incidence of malignant lesions in AUS and FL, (iii) the presence of biochemical, clinical, and echographic features possibly predictive of malignancy related to AUS and FL.
Materials and Methods
We reviewed the thyroid FNAC data of our institution from June 2004 to December 2007. For each FNAC, a specific module was performed, including patient data, clinical and biochemical thyroid status (hypo-, hyper, or euthyroidism), thyroid autoantibodies, and thyroid medication. Moreover, detailed ultrasound features such as size, echogenicity, microcalcifications, boundaries, and color Doppler vascular flow pattern (intra/perinodular) were described for each nodule.
FNACs were mainly performed by four radiologists and one endocrinologist with ultrasound guide, using 25 or 27 gauge needles. Two-three samplings were performed for each nodule. Papanicolaou and May-Grünwald-Giemsa stains were both used for FNA smears preparations.
Cytological Classification
Criteria. Cytological specimens were evaluated by 3 pathologists, and careful cytological description was reported for each case.
Original cytologic reports were reclassified into 5 categories: inadequate, benign, undetermined, suspicious, and malignant, not knowing the followup.
The undetermined results were divided into two further categories.
(1) FL for samples suggesting follicular neoplasms.
In [18] .
The patients who did not undergo thyroid surgery, with benign repeated FNAC, were followed by clinical and periodic thyroid sonographic evaluation, at least once within 2 years from the last FNA. If the thyroid nodule did not undergo any modifications it was considered "bona fide" benign.
Statistical Analysis.
The descriptive analyses included the observed frequencies calculation with the respective percentages for each categorical variable, while median and range were computed for patients' age and diameter of nodules (continuous variables).
Multivariate stepwise logistic regression analysis was performed in order to identify clinical, echographic, and cytological categories associated with the lesion type (carcinomas versus adenomas, carcinomas versus nonneoplastic lesions, adenomas versus nonneoplastic lesions). In stepwise selection analysis, any significant variables (P value ≤ .05) are inserted in the model as covariates, but an attempt is made to remove any insignificant variables from the model before adding a new significant variable to the model. Each addition or deletion of a variable to or from a model is listed as a separate step and at each step, a new model is fitted. In this study only the final model is presented. Results are given in terms of odds ratio (OR).
Multivariate analyses were performed with SAS software, version 9.1.3 (SAS Institute Inc., SAS 9.1.3, Cary, NC, USA, 2003).
Results
Between June 2004 and December 2007, 2422 FNAs were performed in 1883 patients with thyroid nodule(s). There were 348 men and 1535 women, aged 13-88 years (median 54 years).
Reclassification of the cytological reports yielded 397 (16.4%) nondiagnostic samples, 1554 (64.2%) benign cytology, 84 (3.5%) diagnoses of suspect malignant neoplasia, 71 (2.9%) diagnoses of malignant cytology, and 316 (13%) undetermined cytologic reports. 74 (3%) reports corresponding to follicular lesion were reclassified as FL, and 242 (10%) reports were reclassified as AUS (Figure 1 ). Nonneoplastic lesions have been shown to be nodular hyperplasia in 18 cases, Hashimoto's thyroiditis in 5, granulomatous thyroiditis in 1, and spindled, probably reactive, lesion in 1. Among histologically proven carcinomas, 19 (42.2%) were observed in nodules with preoperative AUS reclassification, whereas 3 (8.3%) were observed in nodules with preoperative FL reclassification.
Histological
Adenomas were observed in 25 (69.4%) nodules classified as FL and in 9 (20%) classified as AUS.
Seventeen benign lesions (nodular hyperplasia and thyroiditis) corresponded to cytological reclassification of AUS (37.8%) and 8 to FL (22.2%) ( Table 1) .
Clinical Followup.
Repetition of FNAC was performed in 73 AUS lesions. Nine resulted inadequate, 46 benign, 10 AUS, 1 FL, 5 suspicious, and 2 malignant.
Repetition of FNAC was performed in 8 FL. In 5 cases the same cytological category was confirmed, whereas in 3 cases the cytological diagnosis was benign. For 49 lesions with repeated benign FNA (46 AUS and 3 FL), in which the patients did not undergo thyroid surgery, clinical and echographic followup supported the benign nature of the lesion.
Clinical and Echographic Features.
Clinical, echographic features and cytological diagnosis of histologically proven carcinomas and adenomas and of nonneoplastic lesions with histological or clinical followup are reported in Table 2 .
No significant statistical differences were found according to age, gender, and thyroid function between carcinomas, adenomas, and nonneoplastic lesions. Moreover, there were no significant differences for clinical, echographic, and cytological reclassification between carcinomas and nonneoplastic lesions. However, altered autoantibodies, multiple nodules versus single nodule, and AUS versus FL cytological category showed a statistically significant difference between carcinomas and adenomas (Table 3 ). In detail, after conditioning on the other variables entered in the model, the probability of observing a carcinoma was more than 15 times higher when thyroid autoantibodies were altered (OR = 15.43 with a P value = .046), multiple nodules increased the probability of identifying a carcinoma by almost 79 times (OR = 78.94 with a P value = .003), and the presence of AUS cytological category increased the probability of recognizing a carcinoma by more than 21 times (OR = 21.49 with a P value = .023). Total variance explained by these three variables entered in the final model is 56% (R 2 = 0.56) and concordance percentage is 92.9% which means that 93 of every 100 nodules will be well classified using alteration in thyroid autoantibodies, multiple/single nodules, and cytological category as predictors.
Concerning the comparison between nonneoplastic lesions and adenomas, single nodule (versus multiple nodules), follicular lesion (versus AUS), higher diameter, and no vascular flow are all statistically significant features in adenomas compared to nonneoplastic lesions (Table 4) . Keeping the other variables constant in the model, the probability of identifying a benign lesion increased by 14.5 times in case of multiple nodules (OR = 14.47 with a P value = .002) and by 12 times with an AUS cytological category (OR = 11.96 with a P value ≤ .0001). Finally, for each mm. of increase in the nodule diameter, the logistic regression model predicted a 6% decrease in the probability of observing a nonneoplastic lesion rather than an adenoma (OR = 0.94 and P value = .043). Concordance percentage of the model is 81.3% and R 2 is 0.38. Taking into account only solid nodules (n = 80), the diameter was no more statistically significant, but another variable entered in the model, that is, vascular flow: the presence of vascular flow decreased the probability of observing a nonneoplastic lesion by 86% (OR = 0.14 and P value = .035).
Conclusions
Although FNAC has been used with success in the diagnosis of papillary, medullary, and anaplastic thyroid carcinomas, it is difficult to assess its value in follicular lesions. The main problem is the distinction between benign lesions, such as follicular adenoma or nodular adenomatous goiter, and follicular carcinoma or follicular variant of papillary carcinoma (FVPTC).
Therefore, histological evaluation is necessary to demonstrate capsular/vascular invasion for follicular carcinoma and the subtle nuclear aspects in FVPTC [11] .
Classifications, practically overlapping as for benign and malignant definitions, show some substantial differences managing undetermined lesions.
Follicular lesions are managed in two main different ways depending on the classification.
The Bethesda System distinguishes 3 subcategories: "follicular neoplasm or suspicious for a follicular neoplasm" refers to a cellular aspirate comprised of follicular cells, most of which are arranged in an altered architectural pattern characterized by significant cell crowding and/or microfollicle formation; "follicular neoplasm, Hurthle cell type/suspicious for follicular neoplasm, Hurthle cell type" refers to a cellular aspirate consisting exclusively (or nearly exclusively) of Hurthle cells.
Follicular patterned aspirates that do not otherwise fulfil the aforementioned criteria are set together with AUS (AUS/FLUS).
However, a significant difference in malignancy incidence seems not to appear from the document [8] .
The recently published "Guidance on the reporting of thyroid cytology specimens" of English Royal College of Pathologist (RCP) names "neoplasm possible" (Thy3) the undetermined category and separates samples suggesting follicular neoplasms (Thy3f-f for follicular) from samples which exhibit cytological atypia or other features which raise the possibility of neoplasia but which are insufficient to enable confident placing into any other category (Thy3a-a for atypia).
Operative indications emerging from BSRTC recommend FNAC repetition for AUS/FLUS (with subsequent surgery if AUS/FLUS, or worse category, are found) [8] , whereas RCP recommends an individualized and multidisciplinary assessment for each patient [10] .
As for AUS, its incidence among thyroid cytological specimens is variably reported, ranging from 2% to 6%, although some heterogeneity in its definition makes it difficult to draw consistent conclusions [3, 5, 11, 12] . The Bethesda System for Reporting Thyroid Cytopathology recommends to use this 6 Journal of Thyroid Research category as a last resort and limit its use to approximately 7% [8] .
In our institution, thyroid FNAC classification similar to that of The Royal College of Pathologists [9, 10] has been actually chosen, where the presence/absence of nuclear atypia is the key of the undetermined lesions subclassification in AUS and FL.
In the present study, data obtained on this basis indicate that AUS is associated with higher malignancy rates than FL.
Low malignancy incidence in FL emerging from our study contradicts the usually accepted rates of about 20% reported by some studies [3, 5, 13, 14, 19, 20] but it is in agreement with others.
Two Italian studies found no cancers in all operated nodules with cytological diagnosis of FL [15, 21] .
DeMay, at histological examination, found only 2 cancers (none follicular) among 138 FL [16] .
Such a discrepancy may reflect inconsistent patterns in cytological criteria of classification.
One of the heaviest factors influencing this discrepancy is cellular atypia, particularly its definition and association with follicular patterned lesions.
The role of atypia as an independent risk factor for malignancy has been matter of interest and debate. Although some authors report no correlation between atypia and malignancy [5, 22, 23] , other studies show, conversely, that atypia alone or in association with a follicular patterned FNAC can be linked to a higher risk of malignancy [12, 14, 16, 20, 24, 25] .
Interestingly, most literature showing high malignancy rates in FL, actually reports substantial reduction when lesions with atypia are excluded [12, 14, 19] .
Moreover, among the malignancies histologically proven in FL, FVPTC appears to be the commonest one, whereas follicular carcinoma and Hurthle cell carcinomas seem to be much rarer than usually reported both in FL and, generally, among all thyroid cancers [13] [14] [15] [16] .
It is well known that the cytological diagnosis of FVPTC is challenging, due to a paucity or lack of well-defined nuclear features of papillary carcinoma, leading, in samples containing few cellular groups, to a diagnosis of AUS or FL [13] .
However, an accurate evaluation of focal cytological features and the architectural pattern has been shown to allow a correct diagnosis of malignancy or suspect for malignancy [26, 27] , but adequate smears and skilled pathologists are necessary, and this could play some role in outcome differences.
Multivariate analysis of our data allows to draw some other relevant conclusions.
Among the cytological undetermined lesions of thyroid, adenomas seem to be the more correctly classifiable on the basis of cytological, immunological, and ultrasound data.
Firstly, most of FL specimens lead to a histological diagnosis of adenoma.
Secondly, thyroid autoantibodies appear to be more common in non-neoplastic lesions and in carcinomas than in adenomas. As for carcinomas, this is not surprising. Coexistence of chronic lymphocytic thyroiditis and PTC has been reported, at variable frequencies, although it remains unclear whether these two thyroid disorders share a common aetiology or thyroiditis represents a host tumor immune response [28] [29] [30] .
Moreover, Kim et al. recently reported positive serum antithyroglobulin antibodies as an independent predictor for thyroid malignancy in thyroid nodules, regardless of the presence of autoimmune thyroiditis [31] .
Our results, although limited to thyroid cancers discovered in undetermined cytology, seem to be in agreement with this observation.
Conversely, the overlapping incidences of thyroid autoantibodies in carcinomas and in non-neoplastic lesions in the present study could almost partially be due to the fact that, in the latter, both autoimmune thyroiditis and nodular hyperplasia were enclosed.
In conclusion, our outcomes suggest higher malignancy risk in cytological undetermined thyroid lesions with atypia than without atypia.
The very low incidence of thyroid cancer found in FL refers to the same perplexity about an unavoidable surgical treatment, arisen by other authors with similar results [15, 16, 21] .
Although all patients with FL should be considered for surgical resection, they should be also informed about the low malignancy risk of their condition and other aspects, such as underlying medical conditions and age of the patients, presence/absence of thyroid autoantibodies, growth rate of the nodule, which could be taken in account for the decision.
Conversely, a more relevant indication to surgery could be advisable for AUS.
In this lesion, FNAC repetition seems also appropriate. Our data confirm that about half of these aspirates are reclassified as benign, as already reported in the literature [3, 12] .
Being based on the review of previous cytological data, our study shares the same limitations of the retrospective studies, not allowing a prospective, two-arm followup of operated versus nonoperated cases. Therefore our findings should be evaluated in this light. Anyway, we clearly documented clinical and cytological findings in subclassified undetermined cytologic category in 81 nodules histologically checked and in 49 nodules with repeated FNAC and clinical and echographic followup.
Two years ago our results led to the employment, in our department, of a cytological classification similar to that of the RCP. A larger, prospective study design has been planned for the risk assessment in each cytological category.
In recent years, molecular tests have been shown to be useful in the diagnosis of thyroid neoplasms. Point mutations in BRAF and RAS genes and gene rearrangements involving PAX8/PPARγ and RET/PTC have been found in approximately 70% of thyroid neoplasia [32] .
The B-RAF V600E mutation has been shown as diagnostic marker for PTC, and there have been many reports on its diagnostic usefulness in refining the cytological diagnosis of Journal of Thyroid Research 7 this tumor [33] [34] [35] [36] [37] . But, unfortunately BRAF analysis is of limited value in preoperative diagnosis of FVPTC [38] .
Moreover, several studies indicate that molecular testing of thyroid nodules for a panel of mutations can enhance the accuracy of undetermined FNAC [39, 40] , but at present no single marker seems to be accurate enough to distinguish thyroid carcinoma from its benign mimics to be introduced in the routine [41] .
Finally, our results support the indication to distinguish undetermined thyroid cytological samples with follicular patterned feature without atypia from the undetermined samples with atypical cells and to relate the FNAC results with clinical and echographic findings.
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